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(54) NEOVASCULARIZATION INHIBITORS 

(57) Novel neovascularization inhibitory factors and 
neovascularization inhibitors useful in preventing and 
treating various diseases in association with neovascu- 
larization. These neovascularization inhibitors contain 
as the active ingredient polypeptides with the following 
definition (a) or (b): (a) a polypeptide having an amino 
acid sequence of PyrGlu^-Vaf 478 in HGF (hepatocyte 
growth factor); or (b) a polypeptide having an amino 
acid sequence derived from the amino acid sequence 
as defined in (a) by deletion, substitution or addition of 
one or several amino acids and having an antagonism 
to the effect of HGF via c-Met-HGF receptor. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to neovascu- s 
larization inhibitors. More particularly, the invention 
relates to a neovascularization inhibitor (antineovascu- 
larization composition) which comprises a protein hav- 
ing a defined regional sequence of the a-chain of 
hepatocyte growth factor (hereinafter referred to some- w 
times briefly as HGF) as an active ingredient. 
[0002] The neovascularization inhibitor of the 
present invention finds application, based on its inhibi- 
tory effect on neovascularization, as a prophylactic or 
therapeutic agent for various diseases associated with 15 
abnormal angiogenesis, such as rheumatoid arthritis, 
diabetic retinopathy, retinopathy of prematurity, senile 
macular degeneration and hypercicatrization in wound 
healing. 

20 

BACKGROUND ART 

[0003] Neovascularization is a phenomenon such 
that the vascular endothelial cells, mainly of venules, 
form a de novo vasculature in response to some stimu- 25 
I us or other. In the normal state of a living body, this phe- 
nomenon is indispensable for sustained metabolism of 
tissues and for functional homeostasis of the body and 
is generally observed in the process of wound healing, 
growth of fetal lungs, and evolution of luteinization. 30 
[0004] Meanwhile, it is well known that an abnormal 
angiopoiesis is involved in various diseases inclusive of 
inflammatory diseases. For example, such diseases as 
proliferating diabetes, psoriasis vulgaris, rheumatoid 
arthritis, diabetic retinopathy, senile macular degenera- 35 
tion, overcicatrization in wound healing, etc. and the 
metastasis and recurrence of carcinomas are report- 
edly caused by hyperplasia of blood vessels, particu- 
larly peripheral capillary vessels [Polverini PJ., Crit. Rev. 
Oral. Biol. Med., 1995, 6(3), pp.230-247, Review: Fork- 40 
man J., Nature Med., 1995, 1(1), pp.27-31]. 
[0005] Therefore, as prophylactic or therapeutic 
drugs for those diseases, a variety of anti neovasculari- 
zation drugs comprising compounds having neovascu- 
larization-inhibitory activity as active ingredients have 45 
been developed to this day. 

[0006] The present invention has for its object to 
provide a novel anti neovascu larization factor. Another 
object of the present invention is to provide a neovascu- 
larization inhibitor useful for the prevention and treat- 50 
ment of said various diseases arising from hyperplasia 
of blood vessels. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

[0007] 

Fig. 1 A is a reversed phase high-performance liq- 



uid chromatogram (reversed phase HPLC) (C4) of 
elastase-treated HGF and B is an eleotrophoreto- 
gram (under reducing and non-reducing conditions) 
of peak fractions on said reversed phase HPLC. 
Fig. 2 is a schematic representation of the struc- 
tures of the a- and ^-chains of HGF and the struc- 
ture of the PyrGlu 32 - Val 478 region of HGF 
(HGF/NK4) which has been excised by elastase 
treatment. 

Fig. 3 A and B show the dose-dependent rates of 
binding of 125 I-HGF and 125 I-HGF/NK4, respec- 
tively, to the rat liver plasma membrane. The insets 
in Fig. 3 A and B show the rates of binding of 125 l- 
HGF and 125 I-HGF/NK4 to said rat liver plasma 
membrane in Scatchard plots. Fig. 3 C is a diagram 
showing the rates of binding of unlabeled HGF and 
unlabeled HGF/NK4 to the rat liver plasma mem- 
brane in the presence of 125 l-HGF (cf. Example 2). 
Fig. 4 is a diagram showing the presence or 
absence of mitogen ic activity in HGF and HGF/NK4 
(A) and a diagram showing the antagonistic action 
of HGF/NK4 against the mitogenic activity of HGF. 
The mitogenic activity information was generated 
by assaying the DNA synthesis of rat primary-cul- 
ture hepatocytes. Specifically, Fig. 4 A shows the 
DNA synthesis of hepatocytes in the presence of 
HGF or HGF/NK4 and Fig. 4 B shows the effect of 
HGF/NK4 on the DNA synthesis of hepatocytes in 
the presence of 60 pM HGF or 1.5 nM epidermal 
growth factor (EGF) [cf. Example 3]. 
Fig. 5 is a diagram showing the inhibitory effect of 
HGF/NK4 on the proliferation of human lung micro- 
vascular endothelial cells in the presence or 
absence (None) of bFGF, HGF or VEGF [Example 
7]. 

Fig. 6 is a diagram showing the inhibitory effect of 
HGF/NK4 on the proliferation of human skin micro- 
vascular endothelial cells in the presence or 
absence (None) of bFGF, HGF or VEGF [Example 
7]- 

Fig. 7 is a diagram showing the effects of HGF/NK4 
(NK4 on the drawing) and anti-HGF antibody (a- 
HGF Ab on the drawing) on the proliferation of 
human capillary vessel endothelial cells in the pres- 
ence of 5% fetal bovine serum (FBS), 5% 
FBS+bFGF, 5% FBS+VEGF or 5% FBS+HGF [cf. 
Example 9 A]. 

Fig. 8 is a diagram showing the effects of HGF/NK4 
(NK4 on the drawing) and anti-HGF antibody (a- 
HGF Ab on the drawing) on the migration of human 
capillary vessel endothelial cells in the presence of 
1% fetal bovine serum (FBS), 1% FBS+bFGF, 1% 
FBS+VEGF or 1% FBS+HGF [cf. Example 9 B]. 
Fig. 9 is a set of photographs, in lieu of a drawing, 
which shows the results of observation of the neo- 
vascularization-inhibitory effect of HGF/NK4 on 
chick embryonic chorioallantoic membrane with a 
stereoscopic microscope. 
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Fig. 10 is a photograph, in lieu of a drawing, which 
shows the inhibitory effect of HGP/NK4 on tumor 
neovascularization as assayed by an immuno histo- 
chemical method. 

Fig. 11 indicates that HGF/NK4 has the action to s 
inhibit growth of Lewis lung tumor cells, wherein A 
is a diagram showing the time course of the volume 
of a transplanted tumor mass and B is a histogram 
showing the weight of the transplanted tumor at day 
28. io 
Fig. 12 A is a histogram indicating that HGF/NK4 
has the action to inhibit metastasis of Lewis lung 
tumor cells [Reference Example 1] and Fig. 12 B is 
a photograph, in lieu of a drawing, which shows the 
metastasis of the tumor to the lung, indicating 75 
clearly that whereas a plurality of lung metastatic 
foci are present in the saline-treated control group, 
substantially no lung metastatic foci are detected in 
the HGF/NK4-treated group. 

Fig. 13 indicates that HGF/NK4 has the action to 20 
inhibit the growth (A) and metastatis (B) of Jyg 
mammary tumor cells; A shows the time course of 
the volume of a transplanted tumor mass and B 
shows the number of metastatic foci. 

25 

DISCLOSURE OF INVENTION 

[0008] Searching for a novel neovascularization 
inhibitor in earnest with the above object in mind, the 
inventors of the present invention found that a protein 30 
containing a defined region of the oc-chain of hepatocyte 
growth factor (HGF) has the action to significantly inhibit 
neovascularization and have accordingly developed the 
present invention. 

[0009] HGF is the very polypeptide which the inven- 35 
tors discovered in 1984 as a novel growth factor for 
hepatic parenchymal cells (Nakamura, T. et al., Bio- 
chem Biophys Res Commun., 1984, 122 . pp. 1450- 
1459). Subsequent studies by the present inventors 
revealed that HGF is a heterodimer consisting of an a- 40 
chain having a molecular mass of about 69 kDa and a (3- 
chain having a molecular mass of about 34 kDa and has 
a unique domain structure comprising an N-terminal 
hairpin domain and 4 Kringle domains in the oc-chain 
and a serine protease-like domain in the p-chain (Naka- 45 
mura T., et al., Nature 1989, 342 . pp.440-443). Though, 
as of the time of its discovery, HGF was considered to 
be a growth factor with highly specificity to hepatocytes 
as the substantive entity of liver regeneration factor, the 
subsequent studies made since 1989 when recom- so 
binant HGFs became available revealed that HGF acts 
also as a potent mitogen for many kinds of epithelial 
cells in addition to hepatocytes (Nakamura T, Princess 
Takamatsu Symp., 1994, 24, pp. 195-21 3. Review). 
Moreover, the results of further investigations indicated 55 
that, in addition to the above cell growth-regulating func- 
tion, HGF not only has the function of a motogen 
enhancing cell motility (T. Nakamura, Prog, growth Fac- 
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tor Res., 3, pp. 67-85, 1 991 ) but also has novel biological 
activities inclusive of tumor suppressant activity which 
inhibits proliferation of many kinds of tumor cells 
(Higashio K, et al., Biochem Biophys Res Commun., 
1990, July 16, 170(1), pp.397-404). 
[0010] Furthermore, it was elucidated, in 1991, that 
the functional receptor having a high affinity for HGF is 
a protooncogene product (c-met product: c-Met) (Bot- 
taro D. P., et al., Science, 1991, Feb., 15, 251(4995), 
pp.802-804: Naldini L, et al., Oncogene. 1991 Apr, 6(4), 
pp.501 -504), and the present inventors discovered that 
the N-terminal hairpin domain and first and second 
Kringle domains of the ot-chain are the minimum 
domains binding to said c-Met/HGF receptor (Mat- 
sumoto, K. et al., Biochem. Biophys. Res. Commun., 
1991 Dec, 16, 181(2), pp.691 -699). 
[0011] The present inventors did a further study on 
the heels of the above series of research into HGF and 
arrived at the novel finding that a polypeptide having 
said N-terminal hairpin and first through fourth Kringle 
domains of the a-chain has antagonistic activity against 
the c-Met/HGF receptor-mediated action of HGF and 
confirmed that said polypeptide has the action to signif- 
icantly suppress the neovascularization-inducing action 
of HGF. 

[0012] The present invention has been developed 
on the basis of years of those studies on HGF. 
[0013] The present invention, therefore, is directed 
to the following neovascularization inhibitors 1-5. 

1. A neovascularization inhibitor comprising the fol- 
lowing polypeptide (a) or (b) as an active ingredient. 

(a) a polypeptide having the amino acid 
sequence PyrGlu 32 — Val 478 of hepatocyte 
growth factor. 

(b) a polypeptide having an amino acid 
sequence derived from the amino acid 
sequence of (a) by the deletion, substitution or 
addition of one or more amino acids and having 
antagonistic activity against the c-Met/HGF 
receptor-mediated action of HGF. 

2. A neovascularization inhibitor as set forth in par- 
agraph 1 wherein said polypaptide has at least one 
hairpin domain and four Kringle domains. 

3. A neovascularization inhibitor as set forth in par- 
agraph 1 or 2 wherein said polypeptide is a 
polypeptide obtainable by digestion of hepatocyte 
growth factor with an elastase. 

4. A neovascularization inhibitor comprising a 
polypeptide having the sequence of SEQ ID NO:1 
and a pharmaceutically acceptable carrier. 

5. A neovascularization inhibitor comprising a 
polypeptide having the sequence of SEQ ID NO:2 
and a pharmaceutically acceptable carrier. 

[0014] The present invention is further directed to 



EP 1 074 264 A1 



3 



5 

the following medically or pharmacologically useful 
agents 6~10. 

6. A prophylactic or therapeutic agent for a disease 
associated with neovascularization which com- s 
prises the polypeptide set forth in paragraph 1 and 

a pharmaceutics Hy acceptable carrier. 

7. A prophylactic or therapeutic agent as set forth in 
paragraph 6 wherein said disease associated with 
vascular hyperplasia is selected from the group 10 
consisting of rheumatoid arthritis, psoriasis, Osler- 
Wabber syndrome, myocardial angiopoiesis, tel- 
angiectasia, hemophilic joint, angiogenic disease of 

the eye, angiofibroma, benign tumors and wound 
granulation. 75 

8. A prophylactic or therapeutic agent for a disease 
arising from overstimulation of endothelial cells 
which comprises the polypeptide set forth in para- 
graph 1 and a pharmaceutical^ acceptable carrier. 

9. A prophylactic or therapeutic agent as set forth 20 
under 8 wherein said disease arising from overstim- 
ulation of endothelial cells is selected from the 
group consisting of enteric adhesion, Crohn's dis- 
ease, atherosclerosis, scleroderma and overcicatri- 
zation. 25 

10. A conception-modulating agent comprising the 
polypeptide set forth in paragraph 1 and a pharma- 
ceutical ly acceptable carrier. 

[0015] The present invention is further directed to 30 
the following medically or pharmacologically useful 
treatment methods 11-13. 

1 1 . A method of inhibiting neovascularization which 
comprises administering to a subject a neovascu- 35 
larization inhibitor comprising the following 
polypeptide (a) or (b) and a pharmaceutically 
acceptable carrier: 

(a) a polypeptide having the amino acid 40 
sequence PyrGlu 32 ~ Val 478 of hepatocyte 
growth factor (HGF) 

(b) a polypeptide having an amino acid 
sequence derived from the amino acid 
sequence of (a) by the deletion, substitution or 45 
addition of one or more amino acids and having 
antagonistic activity against the c-Met/HGF 
receptor-mediated action of HGF. 

12. A method for prophylaxis or therapy of a dis- so 
ease associated with neovascularization which 
comprises administering a neovascularization 
inhibitor comprising the following polypeptide (a) or 

(b) and a pharmaceutically acceptable carrier: 

55 

(a) a polypeptide having the amino acid 
sequence PyrGlu 32 - Val 478 of hepatocyte 
growth factor (HGF) 
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(b) a polypeptide having an amino acid 
sequence derived from the amino acid 
sequence of (a) by the deletion, substitution or 
addition of one or more amino acids and having 
antagonistic activity against the c-Met/HGF 
receptor-mediated action of HGF 
to a subject in whom a prophylactic or thera- 
peutic treatment for said disease is indicated. 

13. A prophylactic or therapeutic method as set 
forth in paragraph 12 wherein said disease is 
selected from the group consisting of rheumatoid 
arthritis, psoriasis, Osier-Webber syndrome, myo- 
cardial angiopoiesis, telangiectasia, hemophilic 
joint, angiogenic disease of the eye, angiofibroma, 
benign tumors, wound granulation, enteric adhe- 
sion, Crohn's disease, atherosclerosis, sclero- 
derma and overcicatrization. 

[0016] In a further aspect, the present invention is 
directed to the use of the following polypeptide (a) or 

(b): 

(a) a polypeptide having the amino acid sequence 
PyrGlu 32 ~ Val 478 of hepatocyte growth factor 
(HGF) 

(b) a polypeptide having an amino acid sequence 
derived from the amino acid sequence of (a) by the 
deletion, substitution or addition of one or more 
amino acids and having antagonistic activity 
against the c-Met/HGF receptor-mediated action of 
HGF for the production of a neovascularization 
inhibitor. 

[0017] Representation of amino acids, peptides, 
nucleotide sequences and others by abbreviations in 
this specification is principally in conformity with the 
nomenclature recommended by IUPAC and IUPAC-IUB 
and the rules set forth in the "Guideline for Preparation 
of a Specification or the Equivalent Referring to a Nucle- 
otide Sequence or an Amino Acid Sequences" (March 
1997, The Examination Standards Office, Coordination 
Division, the Patent Office of Japan). 
[0018] Furthermore, the amino acid numbers and 
positions as mentioned in this specification are based 
on the amino acid sequence of prepro-HGF (Nakamura 
T., et al., Nature 1989, 342 . pp. 440-443). In the context 
of this invention, PyrGlu means pyroglutamate, which is 
a modified amino acid residue, and PyrGlu 32 signifies 
that, based on the amino acid sequence of prepro-HGF, 
the 32nd amino acid residue from the N -terminus is 
pyroglutamate. 

[0019] The neovascularization inhibitor (antineo- 
vascu larization composition) of the present invention 
contains as an active ingredient a polypeptide resulting 
from the a-chain of HGF and having neovascularization 
inhibitory activity. 

[0020] The term "resulting from the a-chain of HGF" 
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is used herein to mean that the entire region or frag- 
ments of the re-chain of HGF are contained, whether 
continuously or discontinuously. 

[0021] The term neovascularization inhibitory activ- 
ity means any action that suppresses neovasculariza- 
tion without regard to its mode or mechanism but, in a 
preferred sense, means the action to suppress the neo- 
vascularization -inducing action of HGF. 
[0022] As polypeptides having such activity, there 
can be mentioned polypeptides having an affinity for the 
c-Met/HGF receptor, which is the receptor of HGF, and 
the action to competitively antagonize the binding of 
HGF to said receptor. The preferred are polypeptides 
which bind to the c-Met/HGF receptor to exhibit antago- 
nistic activity against the c-Met/HGF receptor-mediated 
action of HGF. 

[0023] The c-Met/HGF receptor-mediated action of 
HGF includes c-Met/HGF receptor tyrosine phosphor- 
ylating activity, motogenic activity, mitogenic activity and 
morphogenic activity [Jikken Igaku (Experimental Medi- 
cine), Vol. 1 1 , No. 9 (1993)]. 

[0024] Therefore, the polypeptide for use in the 
present invention is a polypeptide which suppresses or 
inhibits any of such activities, more particularly a 
polypeptide having at least one action selected from 
among the action to suppress/inhibit the HGF-induced 
c-Met/HGF receptor tyrosine phosphorylation, the 
action to suppress/inhibit the motogenic activity of HGF, 
the action to suppress/inhibit the mitogenic activity of 
HGF and the action to suppress/inhibit the morphogenic 
activity of HGF. Preferably, a polypeptide having all of 
the above-mentioned actions can be mentioned. 
[0025] As preferred examples of such polypeptide, 
there can be mentioned a polypeptide having the amino 
acid sequence PyrGlu 32 - Val 478 of HGF, more particu- 
larly a polypeptide having the amino acid sequence 
depicted in SEQ ID NO:1. In SEQ ID NO:1, "Xaa" repre- 
sents "PyrGlu". 

[0026] This polypeptide can be obtained basically 
by subjecting HGF to elastase treatment, and consists 
of the 447 amino acids in the N-terminal region of the a- 
chain of HGF. Therefore, like the a-chain of HGF, this 
particular polypeptide has the modified amino acid resi- 
due = pyroglutamate at the N-terminus and contains 
one N-terminal hairpin domain and 4 Kringle domains. 
In this specification, the above polypeptide is referred to 
sometimes as HGF/NK4. 

[0027] As will be shown in the Example which 
appears hereinafter, this polypeptide exhibits said 
antagonistic activity by binding to the c-Met/HGF recep- 
tor in competition with HGF and has the action to sup- 
press or inhibit the HGF-induced auto-tyrosine- 
phosphorylation of the c-Met/HGF receptor. Further- 
more, this polypeptide has little mitogenic, motogenic or 
morphogenic activities of its own and has the property 
to inhibit the mitogenic, motogenic and morphogenic 
activities of HGF. 

[0028] However, the polypeptide for use as the 



active ingredient of the neovascularization inhibitor of 
the present invention is a polypeptide resulting from the 
a-chain of HGF and, inasmuch as it has the action to 
inhibit the neovascularization-inducing action of HGF, is 
5 not limited to said particular polypeptide shown in SEQ 
ID NO:1. 

[0029] As specific examples of said polypeptide, 
there can be mentioned polypaptides having amino acid 
sequences derived from the amino acid sequence 

io PyrGlu 32 - Val 478 of HGF by the deletion, substitution 
or addition of one, a few or more amino acids and yet 
having antagonistic activity against the c-Met/HGF 
receptor-mediated action of HGF. 
[0030] More preferably, polypeptides equivalent or 

15 comparable to said HGF/NK4 in physiological activities 
(tyrosine phosphorylation inhibiting activity, anti-moto- 
genic activity, anti-mitogenic activity, and anti-morpho- 
genic activity) can be mentioned. 
[0031] The extent of said "deletion, substitution or 

20 addition" of amino acids and the positions involved are 
not particularly restricted only if the mutant polypeptide 
still retains the above-mentioned physiological activi- 
ties. By way of example, a polypeptide resulting from the 
deletion or addition of one or more than one (or several) 

25 amino acids in the N-terminal and/or C-terminal, region 
of said HGF/NK4 and a polypeptide resulting from the 
deletion or addition of one or more than one (or several) 
amino acids in the intermediate region of HGF/NK4. 
Preferably, however, at least one hairpin domain and 4 

so Kringle domains, which characterize the structure of 
HGF/NK4, are substantially retained after the mutation. 
[0032] As a corollary, as a typical mutant peptide, a 
polypeptide resulting from the substitution, deletion or 
addition of one or more than one (or several) of the 

35 amino acids in the region exclusive of said hairpin 
domain and 4 Kringle domain can be mentioned. As 
specific examples of such mutant peptide, there can be 
mentioned a polypeptide [HGF/NK4 (del 5)] resulting 
from the deletion of 5 amino acids, namely amino acid 

40 Nos. 162-166 (amino acids Nos. 131-135 in SEQ ID 
NO:1), from the HGF/NK4 polypeptide, that it to say the 
polypeptide having the amino acid sequence depicted 
in SEQ ID NO:2. 

[0033] HGF/NK4 or HGF/NK4 (del 5) for use in the 
45 present invention can be respectively produced chemi- 
cally by a routine method for peptide synthesis or by a 
routine genetic engineering technique, on the basis of 
the amino acid sequence information given in SEQ ID 
NO:l or 2 or the already-known gene (nucleotide) 
so sequence of HGF. 

[0034] Preferably, it can be obtained by enzymatic 
degradation of HGF. 

[0035] The enzymatic degradation of HGF can be 
achieved by digesting HGF with an elastase or the like 
55 enzyme. Then, this enzymatic digest is purified by the 
conventional protein purification method, for example 
high-performance liquid chromatography or SDS- 
PAGE, and a polypeptide having a given molecular 
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mass is isolated to acquire HGF/NK4. The molecular 
mass mentioned above may be about 65-69 kD, prefer- 
ably about 67 kD, as determined by SDS-PAGE under 
reducing conditions and about 48-52 kD, preferably 
about 50 kD, as determined by SDS-PAGE under non- 5 
reducing conditions. 

[0036] HGF for use in said enzymatic degradation is 
not particularly limited in terms of its source or prepara- 
tion procedure. 

[0037] For example, it can be obtained by extraction 10 
and purification from liver or other tissues, blood cells 
such as platelets, leukocytes, etc., plasma or serum of 
mammals inclusive of man (FEBS, 224, 312, (1987); 
Proc. Acad. Sci. USA, 86, 5844 (1989)) or by growing 
primary-culture HGF-producing cells or cell lines and 15 
separating and purifying HGF from the resulting culture. 
As a further alternative, a recombinant HGF can be 
acquired by a genetic engineering technique which may 
comprise cloning an HGF-encoding gene in a suitable 
vector, introducing the vector into suitable, host cells 20 
(e.g. animal cells) for transfection and harvesting the 
objective recombinant HGF from a culture supernatant 
of the resulting cells (e.g. Nature, 342, 440 . 1989; JP 
1993-11 1383A; JP 1991-255096A; Biochem., Biophys. 
Res. Commun., 163 . 967, 1989, etc.). The HGF-encod- 25 
ing gene which can be used routinely includes HGF 
genes derived from mammals inclusive of humans, pref- 
erably the HGF gene of the human origin, more prefera- 
bly human-derived recombinant HGF genes (JP 1993- 
111383A). 30 
[0038] The so-called mutants constructed on the 
basis of the amino acid sequence of HGF/NK4, such as 
HGF/NK4 (del 5), can be prepared chemically by a 
method for peptide synthesis or by a genetic engineer- 
ing technique starting with an HGF gene. 35 
[0039] The technology for mutagenesis includes 
genetic engineering methods such as site-specific 
mutagenesis [Methods in Enzymology, 154: 350, 
pp.367-382 (1987); ditto 100: 468 (1983); Nucleic Acids 
Res., 12: 9441 (1984); Zoku Seikagaku Jikken Koza 1 40 
"Idenshi Kenkyuho II" (Experimental Biochemistry 
Series 1 "Methods for Gene Research II") (edited by 
Japanese Biochemical Society), pi 05 (1986)], as well 
as the methods of chemical synthesis, such as the 
phosphotriester method and phosphoamidate method 45 
[J. Am. Chem. Soc, 89: 4801 (1967); do: 91: 3350 
(1969); Science, 150: 178 (1968); Tetrahedron Lett., 22: 
1859 (1981); do 24: 245 (1983)] and any combination of 
such techniques. 

[0040] The neovascularization inhibitor of the so 
present invention is not particularly restricted in dosage 
form and may be provided in a variety of dosage forms, 
namely oral preparations such as powders, fine gran- 
ules, granules, tablets, pills, capsules, solutions, emul- 
sions, suspensions, syrups, etc.; preparations for 55 
external application, such as ointments, creams, DDS 
patches, suppositories, etc.; ophthalmic preparations 
such as eyedrops, ophthalmic ointments, etc.; injections 
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and drip infusions. These dosage forms can be manu- 
factured by the pharmaceutical procedures well estab- 
lished in the art. 

[0041] Regarding the manufacture of tablets, the 
carrier that can be used includes various excipients 
such as lactose, sucrose, sodium chloride, glucose, 
urea, starch, calcium carbonate, kaolin, crystalline cel- 
lulose, silica, etc.; binders such as simple syrup, glu- 
cose solution, starch solution, gelatin solution, 
carboxymethylcellulose, shellac, methylcellulose, 
potassium phosphate, polyvinylpyrrolidone, etc.; disin- 
tegrators such as dried starch, sodium alginate, agar 
powder, lamina ran powder, sodium hydrogencarbonate, 
calcium carbonate, polyethoxylated sorbitan fatty acid 
esters, sodium lauryl sulfate, stearyl monoglyceride, 
starch, lactose, etc.; disintegration inhibitors such as 
sucrose, stearic acid, cacao butter, hydrogenated oil, 
etc.; absorption promoters such as quaternary ammo- 
nium bases, sodium lauryl sulfate, etc.; humectants 
such as glycerin, starch, etc.; adsorbents such as 
starch, lactose, kaolin, bentonite, colloidal silica, etc.; 
and lubricants such as purified talk, salts of stearic acid, 
boric acid powder, polyethylene glycol and so on. Fur- 
thermore, where necessary, tablets may be manufac- 
tured in the form of coated tablets, i.e. tablets carrying a 
conventional surface coating, such as sugar-coated tab- 
lets, gelatin-coated tablets, film-coated tablets, etc., or 
in the form of double-layered or multi-layered tablets. 
[0042] The carrier which can be used in the manu- 
facture of pills include but is not limited to various excip- 
ients such as glucose, lactose, starch, cacao butter, 
hydrogenated vegetable oils, kaolin, talc, etc.; binders 
such as gum arabic powder, tragacanth powder, gelatin, 
etc.; and disintegrators such as laminaran and agar, 
among others. 

[0043] Capsules can be manufactured by the con- 
ventional method which comprises blending said pep- 
tide with various carrier substances such as those 
mentioned above and filling the mixture into hard gelatin 
capsule shells, soft gelatin capsule shells or the tike. 
[0044] For use in the manufacture of suppositories, 
the carrier includes polyethylene glycol, cacao butter, 
higher alcohols, esters of higher alcohols, gelatin and 
semisynthetic glycerides, among others. 
[0045] Injections can be manufactured by the con- 
ventional technology, for example by dissolving said 
polypeptide in a suitable solvent, sterilizing the solution 
for example by filtration, and distributing it into sterile 
vials. Such injections are preferably isotonic to blood, 
and the diluent which can be used for provision of such 
dosage forms includes but is not limited to sterile water, 
ethyl alcohol, macrogols, propylene glycol, ethoxylated 
isostearyl alcohol, polyoxylated isostearyl alcohol, poly- 
ethoxylated sorbitan fatty acid esters. A sufficient 
amount of sodium chloride, glucose or glycerin to isot- 
onize such injections may be included in formulations 
and the conventional solubilizer, buffer, local anesthetic 
and other additives may also be added. 
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[0046] For the manufacture of an ointment, the oint- 
ment base, stabilizer, lubricant, preservative, etc., which 
are usually employed for such peptides, are formulated 
and processed in the conventional manner to provide 
the objective product. The ointment base mentioned 5 
above includes liquid paraffin, white petrolatum, 
bleached beeswax, paraffin and so on. The preservative 
includes methyl p-hydroxybenzoate, ethyl p-hydroxy- 
benzoate and propyl p-hydroxybenzoate, among others. 
[0047] Transdermal drug delivery systems can be 10 
prepared by spreading said ointment or an equivalent 
thereof in the form of a paste, cream or gel on the con- 
ventional support in the conventional manner. The suit- 
able support includes a woven or nonwoven cloth of 
cotton, spun rayon or other chemical fiber or a flexible 75 
polyvinyl chloride, polyethylene, polyurethane or other 
sheet or foam sheet. 

[0046] Furthermore, each of said various pharma- 
ceutical preparations may be supplemented, where 
necessary, with various pharmaceutically acceptable 20 
additives such as a coloring agent, a preservative, a fla- 
voring agent, a corrigent, a sweetener, etc. and/or other 
medicaments. 

[0049] In pharmaceutical production runs, a stabi- 
lizer is preferably formulated. The stabilizer which can 25 
be used includes albumin, globulin, gelatin, mannitol, 
glucose, dextran and ethylene glycol, to mention but a 
few examples. 

[0050] Solutions inclusive of parenteral prepara- 
tions should be stored frozen or preferably supplied as 30 
lyophilized products. Lyophilized preparations are 
extemporaneously reconstituted with distilled water for 
injection or the like solvent vehicle. 
[0051] The amount of the polypeptide to be formu- 
lated in the pharmaceutical composition of the present 35 
invention is not particularly restricted but can be liberally 
selected from a broad range. Generally, however, the 
recommended concentration in the composition is 
about 0.0002-0.2 (w/v) %, preferably about 0.001-0.1 
(w/v) %. 40 
[0052] The method of administering the pharma- 
ceutical composition is not particularly restricted but can 
be judiciously selected with reference to the dosage 
form, patient factors such as age, sex, etc. and severity 
of illness, among other conditions. By way of illustration, 45 
parenteral preparations may be intravenously adminis- 
tered either independently or in admixture with the con- 
ventional glucose, amino acid or other infusion. Where 
necessary, such preparations may be administered 
alone intramuscularly, intradermally, subcutaneously or so 
intraperitoneal^. 

[0053] The daily dosage of the neovascularization 
inhibitor of the present invention is dependent on the 
patient's condition, body weight, age, sex and other fac- 
tors and cannot be stated in general terms. However, in 55 
terms of the amount of the polypeptide of the invention 
(HGF/NK4 or a mutein thereof), the recommended 
usual dosage for an adult human is about 0.01-100 



mg/day and this dose may be administered in a single 
dose or in a few divided doses. 

[0054] The neovascularization inhibitor of the 
present invention can be applied to the prophylaxis and 
therapy of a broad spectrum of diseases arising from 
vascular hyperplasia. Although such diseases are not 
particularly restricted, there can be mentioned rheuma- 
toid arthritis, psoriasis, Osier-Webber syndrome, myo- 
cardial angtopoiesis, telangiectasia, hemophilic joint, 
angiogenic diseases of the eye (e.g. diabetic retinopa- 
thy, retinopathy of prematurity, senile macular degener- 
ation, corneal graft rejection, neovascular glaucoma, 
retrolental fibroplasia, rubeosis, etc.), angiofibroma, 
benign tumors (e.g. hemangioma, acoustic neuroma, 
neurofibroma, trachoma, granuloma pyogenicum, etc.), 
hematopoietic malignancies such as leukemia, solid 
cancers, cancer metastases and wound granulation, 
among others. 

[0055] The neovascularization inhibitor of the 
present invention is further applicable broadly to the 
prophylaxis and therapy of diseases caused by an 
excessive or abnormal stimulation of the endothelial 
cells. Such diseases are not particularly restricted but 
include, among others, enteric adhesion, Crohn's dis- 
ease, atherosclerosis, scleroderma, and overcicatriza- 
tion such as keloid. 

[0056] Furthermore, the neovascularization inhibi- 
tor of the present invention finds application as a drug 
for conception control based on inhibition of the neovas- 
cularization necessary for implantation and finds appli- 
cation as a prophylactic or therapeutic drug for diseases 
accompanied by angiogenesis, such as cat scratch dis- 
ease and ulcer, as an pathologic outcome. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0057] The following examples are intended to illus- 
trate the present invention in further detail without delin- 
eating the technical scope of the invention. Thus, many 
modifications and changes can be made by those 
skilled in the art based on the disclosure in this specifi- 
cation without departing from the technical scope of the 
invention. 

Example 1 Isolation and purification of HGF/NK4 

[0058] CHO cells transfected with human HGF 
cDNA were cultured and the recombinant HGF was iso- 
lated and purified from the culture (Nature 342, pp.440- 
443 (1989); Biochem. Biophys. Res. Commun. 172; 
pp.321 -327 (1990)). This recombinant HGF (900 mg) 
was digested with pancreatic elastase (Sigma) in 0.2 M 
Tris-HCI buffer (pH 8.8) at 37°C for 20 minutes 
(enzyme:substrate = 1 :100). This digest was purified by 
reversed-phase high-performance liquid chromatogra- 
phy (HPLC; n Bondapack C4 column, Waters Japan) on 
a gradient of 0.05% trifluoroacetic acid-acetonitrile. On 
the HPLC, three peaks were detected as shown in Fig. 
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1A. 

[0059] Then, each of these peak fractions was sub- 
jected to SAS-PAGE and protein staining (Fig. 1B). It 
was found that a first peak is a polypeptide fragment 
having a molecular mass of 50 kD under nonreducing 
conditions and of 67 kD under reducing conditions; a 
second peak corresponds to the undigested het- 
erodimer HGF consisting of an ot-chain of 69 kD and a 
p-chain of 34/32 kD; and a third peak is a fragment hav- 
ing a molecular mass of 33/31 kD under nonreducing 
conditions and of 34/32 kD under reducing conditions. 
[0060] In the above description, the expression 
_/_kD indicates the existence of proteins of the. same 
amino acid sequence but different molecular masses 
depending on differences in the appended sugar chain. 
[0061] The foregoing indicated that, upon elastase 
treatment, HGF is digested into two fragments, namely 
a fragment (the first peak) comprising a major part of 
the ot-chain but being slightly smaller than the full-length 
cc-chain and a fragment (the third peak) consisting of 
part of the C-terminal sequence of the a-chain and the 
full-length (J-chain. 

[0062] For the amino acid sequencing of the puri- 
fied fragments, the solvent was first evaporated off from 
each fraction of the eluate and the residue was dis- 
solved in 0.1 M phosphate buffer (pH 7.3) containing 
0.05% CHAPS (Sigma) and 1 M NaCI. The amino acid 
analysis was carried out using Automatic Protein 
Sequencer 492 (Applied Biosystem Inc.). 
[0063] To begin with, the analysis for the N-terminal 
sequence of the first-peak fragment was attempted but 
failed, suggesting the likelihood that the N-terminus of 
this fragment was in the pyroglutamate form as it was 
the case with the N-terminus of HGF. Therefore, this 
fragment was first treated with pyroglutamate ami- 
nopeptidase and then analyzed for the N-terminal 
sequence. As a result, the sequence, as expressed in 
single capital letters, was found to be RKRRNTIHEF in 
agreement with the N-terminal amino acid sequence 
No. 2 - No. 1 1 of the a-chain. It was thus found that the 
N-terminal amino acid of this fragment was glutamine 
modified in the pyroglutamate form and the structure of 
the N-terminal region was identical with that of undi- 
gested HGF. 

[0064] Then, for analysis of the C-terminus of this 
fragment, an amino acid analysis was carried out on the 
other fragment produced by elastase digestion (the third 
fragment) for the N-terminus of its partial a-chain. As a 
result, the amino acid sequence of the N-terminal 
region of this partial a-chain was found to correspond to 
the Asn 479 ~ Ala 488 of HGF. This finding indicated that 
the C-terminus of the first-peak fragment was Val 478 . 
[0065] Based on the above results, it was clear that 
HGF, on elastase treatment, is digested into two frag- 
ments, one of which is a fragment consisting in the 
PyrGlu 32 - Val 478 region having the hairpin domain and 
4 Kringle domains of HGF (HGF/NK4) while the other is 
a fragment consisting of part of the a -chain (16 amino 



acids starting with Asn 479 ) and the p-chain (Fig. 2). 

Example 2 Binding affinity of HGF/NK4 for cell surface 
receptors 

5 

[0066] Using the HGF/NK4 prepared in Example 1 , 
its binding affinity for the cell surface receptor was 
investigated. As a control experiment, the binding affin- 
ity of HGF for the cell surface receptor was also investi- 
10 gated. In this connection, the HGF/NK4 and HGF were 
radio-labeled ( 125 I-HGP/NK4 and 125 I-HGF) by the 
chloramine-T method, and as the cell surface receptor 
sample, the plasma membrane prepared from the rat 
liver was used. 

is [0067] Scatchard analysis revealed that both HGF 
and HGF/NK4 bind to the cell surface receptors in a 
concentration-dependent manner up to 80 pM (Fig. 3 A 
and B), that the Kd and number of HGF receptors were 
64.5 pM and 5478 sites/ng, respectively, and that the Kd 

20 and number of HGF/NK4 receptors were 486 pM and 
6427 sites/ng, respectively. 

[0068] Then, to investigate whether HGF/NK4 is a 
competitive antagonist of HGF, the liver plasma mem- 
brane (50 \ig) was incubated in the presence of 125 l- 

25 HGF alone (60 pM) or a mixture of 125 I-HGF and a var- 
ying amount of unlabeled HGF or unlabeled HGF/NK4. 
The membrane binding of 125 I-HGF was completely 
inhibited by the addition of unlabeled HGF and the 50% 
inhibitory concentration of unlabeled HGV was 60 pM. 

30 Unlabeled HGF/NK4 also inhibited the membrane bind- 
ing of 125 I-HGF and the 50% inhibitory concentration of 
this HGF/NK4 was 600 pM, with the membrane binding 
of 125 I-HGF being completely inhibited at 60 nM [Fig. 3 
C]. 

35 [0069] These results suggested that HGF/NK4 has 
an affinity for the c-Met/HGF receptor, although it is 
8-10 times as low as that of HGF and, thus, is an antag- 
onist of HGF. 

40 Example 3 Mitoaenic activity of HGF/NK4 and the inhib- 
itory effect of HGF/NK4 on the mitoqenic activity of HGF 

[0070] The mitogen ic activity of HGF/NK4 was eval- 
uated by assaying the DNA synthesis of rat primary-cul- 
45 ture hepatocytes. As a control experiment, the 
mitogenic activity of HGF was similarly evaluated 
(Nature 342, 440-443 (1989); Biochem. Biophys. Res. 
Commun. 181, 691-699 (1991)). 

[0071] The data are presented in Fig. 4 A. It can be 
so seen from the diagram that whereas HGF promoted the 
DNA synthesis of hepatocytes dose-dependently, 
HGF/NK4 did not promote the DNA synthesis even at a 
high concentration of 100 nM. 

[0072] On the other hand, when HGF/NK4 was 
55 added to an HGF-containing culture medium so that 
both HGF and HGF/NK4 would be present, HGF/NK4 
dose-dependently inhibited the DNA synthesis pro- 
moted by HGF, causing a substantially complete inhibi- 
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tion at 60 nM (Fig. 4 B). In contrast, HGF/NK4 showed 
no inhibitory effect on the DNA synthesis promoted by 
epidermal growth factor (EGF) (Fig. 4 B). 
[0073] These results indicated that although 
HGF/NK4 has no mitogenic activity of its own, it has an 
action to specifically inhibit the mitogenic action of HGR 

Example 4 Motogenic activity of HGF/NK4 and the 
antagonistic action of HGF/NK4 against motogenic 
activity of HGF 

[0074J Using MDCK cells, the renal tubule-derived 
normal epithelial cells, the motogenic activity of 
HGF/NK4 was evaluated. 

[0075] The MDCK cells formed a confluent mass of 
colonies in an HGF-free control medium but addition of 
HGF (22 pM) to the medium resulted in increased motil- 
ity of MDCK cells and dispersion of the cells. In contrast, 
HGF/NK4 did not disperse the cells, with the mutual 
contact of cells being well maintained. Moreover, when 
MDCK cells were cultured in the presence of both HGF 
and HGF/NK4, NGF/NK4 inhibited the HGF-induced 
cell dispersion. 

[0076] These results indicated that although 
HGF/NK4 has no motogenic activity of its own, it has an 
action to inhibit the motogenic activity of HGF. 

Example 5 Mor p hogenic activity of HGF/NK4 and the 
antagonistic action of HGF/NK4 against the morpho- 
genic activity of HGF 

[0077] To explore whether HGF/NK4 inhibits the 
morphogenic activity of HGF, MDCK cells, the renal 
tubule-derived normal epithelial cells, were cultured in 
collagen gel in the presence of HGF and/or HGF/NK4. 
[0078] While the MDCK cells formed spherical cell 
masses in an HGF-free control medium, addition of 
HGF (55 pM) to the medium induced formation of a 
branched luminal structure. Addition of HGF/NK4 (55 
nM) to this system did not induce such a luminal struc- 
ture. Moreover, when MDCK cells were grown in the 
presence of both HGF and HGF/NK4, the cells 
remained in the form of masses without induction of a 
luminal structure. 

[0079] The above results indicated that although 
HGF/NK4 has no morphogenic activity of its own, it has 
an action to inhibit the morphogenic activity of HGF. 

Example 6 Inhibitory effect of HGF/NK4 on HGF- 
induced c-Met tyrosine phosphorylation 

[0080] The lung tumor cell line A549 is known to 
have c-Met/HGF receptors expressed and to show 
enhanced tyrosine phosphorylation of c-Met in 
response to HGF stimulation. Therefore, it was explored 
whether HGF/NK4 would inhibit the tyrosine phosphor- 
ylation of c-Met by HGF. 

[0081] Thus, A549 cells were solubilized by stimula- 



tion with HGF and/or HGF/NK4 and immunoprecipitated 
with anti-c-Met antibody. Western blotting was than car- 
ried out and the tyrosine phosphorylation of c-Met was 
studied using anti-phosphotyrosine antibody. 

5 [0082] As a result, whereas the stimulation with 
HGF (110 pM) was found to induce the tyrosine phos- 
phorylation of c-Met, the stimulation with HGF/NK4 (110 
nM) induced little phosphorylation. Moreover, HGF/NK4 
dose-dependently inhibited the HGF-induced tyrosine 

w phosphorylation of c-Met. 

[0083] The above results indicated that HGF/NK4 
inhibits the HGF-induced tyrosine phosphorylation of c- 
Met/HGF receptors. It was also suspected that, based 
on this inhibitory action, HGF/NK4 antagonizes the bio- 

15 logical activity of HGF. 

Example 7 Inhibitory effect of HGF/NK4 on growth of 
vascular endothelial cells 

20 [0084] Using human lung miorovasouiar endothelial 
cells (HMVEC-L; Clonetios) and human dermal microv- 
ascular endothelial cells (HMVEC-D; Clonetics) as 
tester vascular endothelial cells, the growth inhibitory 
effect of HGF/NK4 on endothelial cells was evaluated. 

25 [0085] Thus, using human lung microvascular 
endothelial cells or human skin microvascular endothe- 
lial cells in the logarithmic phase of growth of passage 
5-8, a cell suspension was prepared and a gelatin- 
coated 24-well plate was seeded with 8000 cells per 

30 well. After 24 hours, the medium was changed to the 
fresh one (a 1:1 mixture of EGM (Eagle General 
Medium) and DM EM (Dulbecco's Modified Eagle 
Medium) supplied with 5% serum), and four groups of 3 
ng/ml bFGF (basic fibroblast growth factor), 10 ng/ml 

35 HGF, 10 ng/ml VEGF (vascular endothelial growth fac- 
tor) and negative control (5% serum-containing solu- 
tion; None on the drawing) were established. Then, 
HGF/NK4 in a varying concentration of 0 to 450 nM was 
added and the plate was incubated under 5% C0 2 at 

40 37°C. After 72 hours, the cells were detached by trypsin 
coating and counted using a Coulter counter. 
[0086]' The results for human lung microvascular 
endothelial cells are shown in Fig. 5 and those for 
human skin microvascular endothelial cells are shown 

45 in Fig. 6. 

[0087] It can be seen from these diagrams that 
HGF/NK4 inhibits growth of vascular endothelial cells as 
induced by stimulation with 3 ng/ml bFGF, 10 ng/ml 
HGF, 10 ng/ml VEGF and 5% serum, respectively, all 

so concentration-dependently and significantly. These 
results suggested that HGF/NK4 acts in an inhibitory 
way not only against HGF-induced growth of vascular 
endothelial cells but also against the growth induced by 
other vascular endothelial cell growth factors such as 

55 bFGF and VEGF 
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Example 9 Effects of anti-HGF antibody and HGF/NK4 
on human capillary vessel endothelial cells 

A. Influence on cell growth 

[0088] The effects of anti-HGF antibody and 
HGF/NK4 on growth of human capillary vessel endothe- 
lial cells were evaluated. 

Method 

[0089] Cultured human skin capillary vessel 
endothelial cells were washed with phosphate-buffered 
saline (PBS) and detached with trypsin-EDTA (phos- 
phate-buffered saline (PBS) containing 0.05% trypsin 
and 0.02% EDTA). These endothelial cells were sus- 
pended in EBM-2 medium (Clonetics) supplemented 
with 5% fetal bovine serum (FBS), seeded on a gelatin- 
coated 24-well plate at a density of 5x1 0 3 cells/cm 2 and 
cultured for 24 hours. 

[0090] The culture was divided into 10 groups 
according to the following 10 kinds of media based on 
5% FBS-EBM-2 medium and the culture medium was 
changed to the respective media. The symbol a-HGF 
Ab which appears below stands for anti-HGF rabbit pol- 
yclonal antibody. 

1 . 5% FBS 

2. 5% FBS + 3 ng/ml bFGF 

3. 5% FBS + 3 ng/ml bFGF + 300 nM HGF/NK4 

4. 5% FBS + 3 ng/ml bFGF + 10 ng/ml a-HGF Ab 

5. 5% FBS + 10 ng/ml VEGF 

6. 5% FBS + 10 ng/ml VEGF + 300 nM HGF/NK4 

7. 5% FBS + 1 0 ng/ml VEGF + 1 0 ng/ml a-HGF Ab 

8. 5% FBS + 3 ng/ml HGF 

9. 5% FBS + 3 ng/ml HGF + 300 nM HGF/NK4 

10. 5% FBS + 3 ng/ml HGF + 10 ng/ml a-HGF Ab 

[0091] These media were incubated at 37°C under 
5% C0 2 for 72 hours, after which time the cells were 
detached by trypsin coating and counted with a Coulter 
counter. 

Results 

[0092] The results are shown in Fig. 7. It can be 
seen from the diagram that 300 nM HGF/NK4 definitely 
inhibited growth of vascular endothelial cells as pro- 
moted by stimulation with 3 ng/ml bFGF, 10 ng/ml VEGF 
and 3 ng/ml HGF, respectively. On the other hand, 10 u, 
g/ml anti-HGF rabbit polyclonal antibody specifically 
inhibited the HGF-stimulated growth of vascular 
endothelial cells but did not inhibit the growth of vascu- 
lar endothelial cells stimulated with bFGF or VEGF 
These results suggested that, aside from the HGF- 
antagonizing action, HGF/NK4 inhibits growth of vascu- 
lar endothelial cells through some other novel activity. 



B. Influence on cell migration 

[0093] The effects of anti-HGF antibody and 
HGF/NK4 on migration of human capillary vessel 
5 endothelial cells were evaluated. 

Method 

[0094] The effect on cell migration was studied by 
10 the Boiden chamber method (Yoshida, A. et al., Growth 
Factors, 1996; 13(1-2): 57-64). Thus, the Boiden cham- 
ber test was carried out using a polycarbonate filter with 
a pore size of 5 \i m which had been coated with 13.4 n 
g/ml of f ibroneotin. 
75 [0095] First, human capillary vessel endothelial 
cells were cultured in serum-free EBM-2 medium for 12 
hours and suspended in EBM-2 containing 1% fetal 
bovine serum and the suspension was seeded on said 
filter at a density of 12x10 4 cells/cm 2 . 
20 [0096] The culture was divided into 10 groups, and 
bFGF, HGF, VEGF, HGF/NK4 and anti-HGF rabbit poly- 
clonal antibody (a -HGF Ab) were respectively added to 
the external fluid of the filter cup in these groups as fol- 
lows. 

25 

1. None (1% FBS-EBM-2 medium) 

2. 3 ng/ml bFGF 

3. 3 ng/ml bFGF + 300 nM HGF/NK4 

4. 3 ng/ml bFGF + 10 ng/ml a-HGF Ab 
30 5. 10 ng/ml VEGF 

6. 10 ng/ml VEGF + 300 nM HGF/NK4 

7. 1 0 ng/ml VEGF + 1 0 ng/ml a-HGF Ab 

8. 3 ng/ml HGF 

9. 3 ng/ml HGF + 300 nM HGF/NK4 
35 10. 3 ng/ml HGF + 1 0 ng/ml a-HGF Ab 

[0097] These samples were incubated for 5 hours 
and the number of cells (per visual field) which had 
migrated to the underside of the filter was determined 
40 under the microscope (x200). For improved accuracy of 
determination, cell counting was performed in 5 ran- 
domly selected visual fields. 

Results 

45 

[0098] The results are shown in Fig. 8. It is apparent 
from the diagram that 300 nM HGF/NK4 definitely inhib- 
ited the migration of vascular endothelial cells stimu- 
lated by 3 ng/ml bFGF, 10 ng/ml VEGF or 3 ng/ml HGF. 
so On the other hand, 10 \i$m\ anti-HGF rabbit polyclonal 
antibody specifically inhibited the HGF-stimulated 
migration of vascular endothelial cells but did not inhibit 
the bFGF or VEGF-stimulated migration of these cells. 
Those results suggested that, in addition to HGF-antag- 
55 onizing activity, HGF/NK4 inhibits migration of vascular 
endothelial cells through some other novel activity. 
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Example 10 Inhibitory effect of HGF/NK4 on the neo- sue section was stained by the immunohistochemical 

vascularization of chick chorioallantoic membrane method using anti-von Willebrand factor antibody 

(CAM ) (Dako). The results are shown in Table 2. 



[0099] Fertile chicken eggs were incubated for 4 
days, after which the eggshell was drilled in two posi- 
tions, namely over the air chamber and the lateral side 
of the shell. From the side hole, 3 ml of the egg white 
was aspirated and the shell was sealed with a tape. The 
shell and shell membrane over the air chamber were 
removed and a silicone ring was set centrally on the 
chorioallantoic membrane (CAM). Then, an HGF/NK4- 
or bovine serum albumin (control)-containing methylcel- 
lulose disk was set in the silicone ring. After 2 days of 
incubation at 37° C, the vasculature on the CAM was 
examined with a stereoscopic microscope. The results 
are shown in Table 1 . 



Table 1 



Table 2 





Degree of neovascular 
invasion 


HGF/NK4 


+ 


Control 


+++ 





von Willebrand factor 
stain 


HGF/NK4 


+ 


Control 


+++ 



[0104] The degree of neovascularization in the can- 
15 cer tissue was evaluated on the following scale. 



no von Willebrand factor-positive microves- 
sels 

about 1/4 of microvessels are von Willebrand 
factor-positive 

about 1/2 of microvessels are von Willebrand 
factor-positive 

about 3/4 of microvessels are von Willebrand 
factor- positive 

more than 3/4 of microvessels are von Wille- 
brand factor-positive 



[0100] The degree of neovascular invasion into the 
disk was evaluated on the following scale. 

-: no invasion 

+: about 1-2 invading vessels 

++: about 3-4 invading vessels 

+++: 5 or more invading vessels 

[0101] The photographs of the findings obtained in 
the examination with a stereoscopic microscope, in lieu 
of a drawing, are presented in Fig. 9. 
[0102] It will be apparent that whereas the control 
disk showed a marked neovasoular invasion, the 
HGF/NK4 disk showed little evidence of neovascular 
invasion. This finding indicated that HGF/NK4 has neo- 
vascularization inhibitory activity. 

Example 1 1 Inhibitory affect of HGF/NK4 on tumor neo- 
vascularization 

[0103] Using 6~8-week-old nude mice (BALB/c 
nu/nu), 5x1 0 6 GB-d1 human gallbladder cancer cells 
were transplanted subcutaneously in the dorsal region. 
After 7 days, an osmotic pressure pump (Alzet) contain- 
ing HGF/NK4 or, as control, saline was implanted 
beneath the dorsal skin and HGF/NK4 or saline was 
continuously infused into the vicinity of the transplanted 
cancer cells for 13 days. At week 4 after transplantation, 
the tumor mass was excised, fixed and sectioned in the 
routine manner to prepare a tissue specimen. For eval- 
uating neovascularization in the cancer tissue, the tis- 



[0105] Moreover, the findings in the microscopic 
examination are presented as photographs, in lieu of a 

30 drawing [Fig. 10]. 

[0106] It will be apparent from the above results that 
a large number of von Willebrand factor-positive micro- 
vessels were found in the control saline-infused graft 
tumor tissue, with no evidence of apoptosis of cancer 

35 cells in the tumor mass. In contrast, in the HGF/NK4- 
perfused graft tumor tissue, tumor neovascularization 
was remarkably inhibited, with evidence of an extensive 
apoptosis of cancer cells in the center of the tumor 
mass. These results indicated that HGF/NK4 inhibits 

40 tumor neovascularization in vivo . 

Reference Example 1 Inhibitory effect of HGF/NK4 on 
tumor growth and metastasis (1) 

45 [0107] Using 6-8-week-old nude mice (BALB/c 
nu/nu), 5x1 0 6 Lewis lung cancer cells were transplanted 
subcutaneously at the animal back. After 5 days, an 
osmotic pressure pump (Alzet) containing HGF/NK4 or 
saline (control) was implanted beneath the dorsal skin 

so and HGF/NK4 or saline was continuously infused into 
the neighborhood of the tumor graft for 2 weeks. At 28 
days after transplantation, the weight and pulmonary 
metastasis of the transplanted tumor were investigated. 
The tumor volume was calculated by means of the for- 

2 2 

55 mula: (minor diameter) x (major diameter) x 0.5 . 
[01 08] The time course of tumor volume is shown in 
Fig. 1 1 A and the weight of the transplanted tumor at 
day 28 is shown in Fig. 11 B. It will be apparent from 
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these diagrams that whereas the transplanted tumor 
perfused with saline showed rapid growth at 10 days 
after transplantation and onwards, HGF/NK4 inhibited 
tumor growth strongly and dose-dependently. 
[0109] Regarding the pulmonary metastasis of 5 
Lewis lung cancer, whereas a large number of pulmo- 
nary metastatic fools were observed in the control 
saline-perfused group, pulmonary metastasis was 
inhibited remarkably and dose-dependently in the ani- 
mals perfused with HGF/NK4 (Fig. 12 A, B). 10 
[0110] These results indicated that HGF/NK4 has 
an action to significantly inhibit the growth and metasta- 
sis of lung cancer In vivo . 

Reference Example 2 Inhibitory effect of HGF/NK4 on is 
cancer growth and metastasis (2 ) 

[0111] Using 6-8-week-old nude mice (BALB/c 
nu/nu), 5x1 0 6 Jyg mammary cancer cells were trans- 
planted subcutaneously in the dorsat region. After 5 20 
days, an osmotic pressure pump (Alzet) containing 
HGF/NK4 or saline (control) was implanted beneath the 
dorsal skin and HGF/NK4 or saline was continuously 
infused into the neighborhood of the transplanted tumor 
for 2 weeks. The volume of the tumor graft was serially 25 
measured and the number of metastatic foci on the lung 
surface was counted at 28 days after transplantation. 
[01 1 2] The time course of tumor volume is shown in 
Fig. 13 A and the number of metastatic foci on the lung 
surface at day 28 after transplantation is shown in Table 30 
13 B. It will be apparent that whereas the control tumor 
perfused with saline showed rapid growth at day 10 
after transplantation and onwards, HGF/NK4 sup- 
pressed growth of the tumor. Regarding pulmonary 
metastasis, whereas a large number of pulmonary met- 35 
astatic foci were observed in the control saline-perfused 
group, pulmonary metastasis was inhibited in the ani- 
mals perfused with HGF/NK4. 

[0113] These results indicated that HGF/NK4 has 

an action to inhibit the growth and metastasis of Jyg 40 

mammary cancer significantly in vivo . 

Formulation Example 1 

[0114] A solution containing the HGF/NK4 prepared 45 
in Example 1 (1 mg), mannitol (1 g) and polysolvate 80 
(10 mg) in 100 ml of saline was aseptically prepared 
and distributed into vials, 1 ml per vial. The vial contents 
were lyophilized and the vials sealed to provide the neo- 
vascularization inhibitor of the invention in the form of a so 
lyophilizate. 

Formulation Example 2 

[0115] An aqueous solution containing 1 mg of the 55 
HGF/NK4 prepared in Example 1 and 1 00 mg of human 
serum albumin was aseptically formulated with 100 ml 
of 0.02 M phosphate buffer (containing 0.15 M NaCI and 



0. 01. polysolvate 80; pH 7.4) and the mixture was dis- 
tributed into vials, 1 ml per vial. The liquid contents of 
the vials were lyophilized and the vials sealed to provide 
the neovascularization inhibitor in the form of a lyophili- 
zate. 

Formulation Example 3 

[01 16] A solution containing the HG F/NK4 prepared 
in Example 1 (1 mg), sorbitol (2 g), glycine (2 g) and 
polysolvate 80 (10 mg) in 100 ml of distilled water for 
injection was aseptically prepared and distributed into 
vials, 1 ml per vial. The contents of the vials were lyophi- 
lized and the vials sealed to provide the neovasculariza- 
tion inhibitor in the form of a lyophilizate. 

INDUSTRIAL APPLICABILITY 

[0117] The neovascularization inhibitor of the 
present invention finds application, based on its neovas- 
cularization inhibitory activity, as a prophylactic or ther- 
apeutic agent for various diseases associated with 
abnormal angiopoiesis, such as rheumatoid arthritis, 
diabetic retinopathy, retinopathy of prematurity, senile 
macular degeneration, and overcicatrization associated 
with wound healing. 

Claims 

1. A neovascularization inhibitor comprising the fol- 
lowing polypeptide (a) or (b) as an active ingredient: 

(a) a polypeptide having the amino acid 
sequence PyrGlu 32 ~ Val 478 of hepatocyte 
growth factor (HGF). 

(b) a polypeptide having an amino acid 
sequence derived from the amino acid 
sequence defined in (a) by the deletion, substi- 
tution or addition of one or more amino acids 
and having antagonistic activity against the c- 
Met/HGF receptor-mediated action of HGR 

2. The neovascularization inhibitor according to Claim 
1 wherein said polypeptide has at least one hairpin 
domain and 4 Kringle domains. 

3. The neovascularization inhibitor according to Claim 
1 wherein said polypeptide is one obtainable by 
elastase digestion of hepatocyte growth factor. 

4. A neovascularization inhibitor comprising the 
polypeptide defined by SEQ ID NO:1 and a phar- 
maceutical ly acceptable carrier. 

5. A neovascularization inhibitor comprising the 
polypeptide defined by SEQ ID NO:2 and a phar- 
maceutical ly acceptable carrier. 
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6. A prophylactic or therapeutic drug for a disease tution or addition of one or more amino acids 
associated with abnormal angiopoiesis which com- and having antagonistic activity against the c- 
prises the polypeptide defined in Claim 1 and a Met/HGF receptor-mediated action of HGF 
pharmaceutical^ acceptable carrier. to a subject in whom a prophylactic or thera- 

5 peutic treatment for said disease is indicated. 

7. The prophylactic or therapeutic drug according to 

Claim 6 wherein said disease associated with 13. The method for prophylaxis or therapy according to 

abnormal angiopoiesis is selected from the group Claim 12 wherein said disease is any disease 

consisting of rheumatoid arthritis, psoriasis, Osier- selected from the group consisting of rheumatoid 

Webber syndrome, myocardial angiopoiesis, tel- w arthritis, psoriasis, Osier-Webber syndrome, myo- 

angiectasia, hemophilic joint, angiogenic diseases cardial angiopoiesis, telangiectasia, hemophilic 

of the eye, angiofibroma, benign tumors and wound joint, angiogenic diseases of the eye, angiofibroma, 

granulation. benign tumors, wound granulation, enteric adhe- 
sion, Crohn's disease, atherosclerosis, sclero- 

8. A prophylactic or therapeutic drug for a disease is derma and overcicatrization. 
arising from overstimulation of endothelial cells 

which comprises the polypeptide defined in claim 1 14. Use of the following polypeptide (a) or (b) for the 

and a pharmaceutical ly acceptable carrier. production of a neovascularization inhibitor: 



9. The prophylactic or therapeutic drug according to 20 
Claim 8 wherein said disease arising from overstim- 
ulation of endothelial cells is selected from the 
group consisting of enteric adhesion, Crohn's dis- 
ease, atherosclerosis, scleroderma and overcicatri- 
zation. 25 

10. A conception-regulating drug comprising the 
polypeptide defined in Claim 1 and a pharmaceuti- 
cal^ acceptable carrier. 

30 

11. A method of inhibiting neovascularization which 
comprises administering to a subject a neovascu- 
larization inhibitor comprising the following 
polypeptide (a) or (b) and a pharmaceutically 
acceptable carrier: 35 

(a) a polypeptide having the amino acid 
sequence PyrGlu 32 - Val 478 of hepatocyte 
growth factor (HGF). 

(b) a polypeptide having an amino acid 40 
sequence derived from the amino acid 
sequence defined in (a) by the deletion, substi- 
tution or addition of one or more amino acids 
and having antagonistic activity against the c- 
Met/HGF receptor-mediated action of HGF. 45 



(a) a polypeptide having the amino acid 
sequence PyrGlu 32 - Val 478 of hepatocyte 
growth factor (HGF). 

(b) a polypeptide having an amino acid 
sequence derived from the amino acid 
sequence defined in (a) by the deletion, substi- 
tution or addition of one or more amino acids 
and having antagonistic activity against the c- 
Met/HGF receptor-mediated action of HGF. 



12. A method for prophylaxis or therapy of a disease 
associated with abnormal angiopoiesis which com- 
prises administering a neovascularization inhibitor 
comprising the following polypeptide (a) or (b) and so 
a pharmaceutically acceptable carrier: 



(a) a polypeptide having the amino acid 
sequence PyrGlu 32 ~ Val 478 of hepatocyte 
growth factor (HGF). 55 

(b) a polypeptide having an amino acid 
sequence derived from the amino acid 
sequence defined in (a) by the deletion, substi- 
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FIG. 4 
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FIG. 5 
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FIG. 6 
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FIG. 7 
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FIG. 8 
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FIG. 9 
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FIG. 11 
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